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Publication No.: 2593412 
Publication Date: April 12, 1.999 
Int. Class: A61 N 5/10 

5/01 

G21 K 5/00 
Application No.: 5(1993) - 12410 
Application Date: March 19, 1993 
Applicant: Hitach Medical Corporation 

1-1-14, Uchikannda, Chiyoda-ku, Tokyo 
Inventor: Takaaki Kobiki 

1-1-14, Uchikannda, Chiyoda-ku, Tokyo 
Title of the Utility Model: 
Stereotaxic Radiosurgery Apparatus 

[Scope of the Utility Model Claimed] 

1. A stereotaxic radiosurgery apparatus comprising: 
a gantry adapted to rotate on its horizontal axis line, 
an irradiating head supported by said gantry and adapted 

to release radiation toward an isocenter, and 

a collimator section disposed opposite to said 

irradiating head, and having a .hole for guiding said radiation 

to said isocenter, 

wherein said apparatus further comprises: 

a collimator case containing said collimator section 

therein and fixedly attached to said irradiating head on the 

exit side of said radiation, 

a sliding section contained in said collimator case and 

is slidable two-dimensionally within said case, 

a spherical bearing for swingably supporting said 



collimator section and sliding section contained in said 
collimator case, and 

a plurality of linking sections for linking said 
collimator case with said collimator section, each linking an 
equiangular circumferential position of said collimator 
section and a corresponding location of said collimator case 
to be supported such that each of said linking sections is 
directed towards the apex of the conical line of radiation. 

[Detailed Description of the Utility Model] 

[Field of Industrial Application] 

The present utility model relates to a stereotaxic 
radiosurgery apparatus for treating patents by concentrating 
narrow radiation beams at a stereotaxic spot. More specifically, 
the present utility model relates to a stereotaxic 
radiosurgery apparatus capable of concentrating radiation 
beams precisely at a stereotaxic spot regardless of mechanical 
inaccuracies of the gantry and for any kind of lesions. 

[Related Art] 

A radiation method know as the stereotaxic method is a 
medical treatment technique in which narrow radiation beams are 
irradiated on a lesion from multiple directions to apply a large 
radiation dose only to the lesion for destroying it. This 
technique is advantageous in that the normal region around the 
region destroyed by the radiation receives an extremely less 
radiation dose, thereby the harmful influence on the normal 
region may be minimi zed . 

There are two types of stereotaxic radiosurgery 
apparatus, one of which is a multiple source unit known as "gamma 
unit" and the other is a single source unit using an electron 
accelerator or the like as described, for example, in Japanese 
Patent Publication No. 2 (1990) -503521 . 
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The former comprises a semi spherical collimator having 
multiple irradiation holes and a sealed radiation source of 
cobalt 60 placed outside the collimator, and the radiotherapy 
treatment is performed by applying doses of gamma-rays 
intensively to the lesion of a patient from multiple radiation 
sources of cobalt 60 arranged in semispher ical manner, while 
the latter uses an electron accelerator and may irradiate 
radiation on the lesion of a patient from all angles intensively 
by rotating the gantry around the lesion of the patient and 
turning the treatment table. Thus, both units may apply a large 
cumulative radiation dose to the lesion, and the radiation dose 
received by the normal tissues may be minimized by the dose 
distribution effect. 

The former, however, uses multiple radiation sources of 
cobalt 60 (approximately 200) that need to be replaced 
periodically since cobalt 60 has a limited half-life period, 
resulting in higher maintenance costs with management problems . 
Due to these problems together with a higher equipment cost, 
its use is limited. Further, the former gamma unit is 
exclusively used for the head and not suited for the chest and 
abdomen where the lesion is moved by the respiration of the 
patient. For this reason, the latter of stereotaxic 
radiosurgery using an electron accelerator is increasingly 
expected as the promising technique. The outline of the 
stereotaxic radiosurgery using an electron accelerator will 
be provided herein below with reference to Figures 6 and 7 . A 
gantry 102 having an electron accelerator rotates on its 
horizontal axis line 123, and radiation beams are narrowed down 
through an irradiating head 113 attached to the gantry 102 
before being irradiated on a lesion. The intersection 120 of 
the horizontal axis line 123 with the center of the radiation 
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beam 121 irradiated through the collimator is referred to as 
the isocenter to which the lesion of the patient is aligned. 
The center of the irradiated beam must always hit the 
intersection 120 while the gantry 102 is being rotated on its 
horizontal axis 123. The combined movement of the rotation of 
the gantry 102 and the turning of a treatment table 112 on the 
horizontal plane allows the radiation beams to be irradiated 
on the lesion from all angles. 
[Problems to be Solved] 

But, the gantry itself and the irradiating head supported 
by the gantry are weighty objects so that shaking and/or bending 
may occur while the gantry is being rotated and the center of 
the beam is unable to hit the lesion, resulting in, for example, 
the focus of the radiation beam being deflected from the 
isocenter as indicated by reference numerals 120a and 120b in 
Figures 6 and 7 while the gantry is being rotated. If the 
radiosurgery treatment is conducted under these conditions, the 
dose ratio of the lesion to the normal tissues becomes smaller, 
and the destructive effect on the lesion is reduced and the risk 
of destroying the normal tissues as well may arise. 

The applicant has already filed a patent application for 
a method of compensating for the shaking and/or bending of the 
gantry (Japanese Patent Application No. 4 (1992) -25799) . In the 
method described in Japanese Patent Application No. 
4 (1992) -25799, a collimator for stereotaxic positioning is 
contained in a case which is fixedly attached to the irradiating 
head. The collimator is slidable within the case and positioned 
such that it is directed towards the conical line of radiation 
by a linking mechanism. This allows the slidable collimator for 
stereotaxic positioning to slide such that it is directed toward 
the direction coinciding with the isocenter, which solely 



4 



enable the linking mechanism to automatically align the center 
of the radiation beam passed through the collimator with the 
isocenter . 

The object of the present utility model is to provide a 
stereotaxic radiosurgery apparatus that achieves the object of 
Japanese Patent Application No. 4 (1992) -25799 using a different 
means . 

[Means of Solving the Problems] 

The stereotaxic radiosurgery apparatus of the present 
invention comprises: a gantry adapted to rotate on its 
horizontal axis line; an irradiating head supported by the 
gantry and adapted to release radiation toward an isocenter; 
and a collimator section disposed opposite to the irradiating 
head, and having a hole for guiding the radiation to the 
isocenter, wherein the apparatus further comprises: a 
collimator case containing the collimator section therein and 
fixedly attached to the irradiating head on the exit side of 
the radiation; a sliding section contained in the collimator 
case and is slidable two-dimensionally within the case; a 
spherical bearing for swingably supporting the collimator 
section and sliding section contained in the collimator case; 
and a plurality of linking sections for linking the collimator 
case with the collimator section, each linking an equiangular 
circumferential position of the collimator section and a 
corresponding location of the collimator case to be supported 
such that each of the linking sections is directed towards the 
apex of the conical line of radiation. 

[Function] 

According to the present utility model, if the medical 
gantry is displaced from the sterotaxic spot due to the shaking 
and/or bending of the gantry described above while it is being 
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rotated, the positioning adjusting mechanism for the collimator 
is used to move the collimator such that the central axis of 
the collimator hole is aligned with the straight line between 
the apex of the conical line of radiation and the isocenter. 
By doing so, the central axis of the radiation may pass through 
the isocenter and the dose distributions of the radiation passed 
through the collimator hole become uniform. In this way, the 
medical gantry may always concentrate the radiation at a 
stereotaxic point while it is being rotated. 

Thus, the medical gantry may apply a large cumulative 
radiation dose on a lesion, while the radiation dose received 
by the normal tissues may be minimized by the dose distribution 
effect. As a result, while the harmful influence on the normal 
tissues is minimized, the lesion may be destroyed steadily, 
thereby the maximum therapeutic effect of the radiosurgery 
treatment may be obtained. 

Further, according to the present utility model, the 
prompt and accurate compensation for the displacement of the 
gantry due to the shaking and/or bending of the gantry is 
realized by providing a plurality of linking sections supported 
such that it is directed towards the conical line of radiation. 
[Description of the Embodiments] 

Hereinafter, an embodiment of the present utility model 
will be described with reference to the accompanying drawings. 
Figure 4 is a schematic configuration diagram of the stereotaxic 
radiosurgery apparatus of the present utility model 
illustrating the overview thereof. The apparatus comprises a 
gantry 2 supported by a supporting member 1, and rotates around 
a patient 8 in the direction indicated by an arrow 20; an 
irradiating head 10 supported by the gantry 2; a collimator 
driving unit 18 supported by the irradiating head 10; and a 



6 



treatment table 9 for laying the patient 8 thereon. The gantry 
2 and irradiating head 10 comprise a transmission path 4 for 
transmitting an electron beam 3 generated by an electron beam 
generating source (not shown) ; a deflecting magnet 5 for 
deflecting the electron beam 3; a vacuum window 6 provided at 
the outlet section of the electron beam 3; an X-ray target 7 
that radiates X-rays when exposed to the electron beam 3; a 
conical collimator 11 for narrowing down radiated X-rays; 
movable collimators 12 and 13; and a filter 14 disposed between 
the conical collimator 11 and movable collimator 12. The filter 
14 is a flattening filter for distributing the X-ray doses 
evenly within the cone. 

Under the state of the apparatus shown in Figure 4, the 
intersection of the vertical axis line 16 that corresponds to 
the center of radiated X-rays and the horizontal axis line 17 
that corresponds to the center of rotation of the gantry 2 forms 
the isocenter 15 to which the lesion of a patient such as a 
carcinomatous lesion is aligned by moving the treatment table 
9 up or down, and to right or left. The treatment table 9 is 
fixedly attached to the periphery of a rotary table 25 which 
is installed rotatably on the horizontal plane around the 
vertical axis line 16 passing through the isocenter 15. Thus, 
the treatment table 9 may turn around the isocenter 15 on the 
horizontal plane by the rotation of the rotary table 25. The 
wheels of the table are provided for this purpose described 
above . 

Each of the movable collimators 12, 13 comprises two 
collimator blocks, and the four collimator blocks are arranged 
in rectangle in x, y directions to form a rectangular X-ray 
passage. The size of the rectangular passage is adjusted by 
changing the distance of the four collimator blocks . The movable 
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collimators 12, 13, however, simply act to narrow down the 
radiation in rectangle and can not correct any deflection of 
the radiation from the stereotaxic point. For this reason, a 
collimator 19 is provided between the irradiating head 10 and 
the isocenter 15. 

Generally, the collimator 19 is fixedly attached to the 
irradiating head 10 for the conventional apparatus with a single 
radiation source, but in the embodiment of the present utility 
model, it is contained in a case, which is shown in Figure 1. 
A brief description of Figure 1 will be provided below. The case 
24 containing the collimator 19 therein is fixedly attached to 
the irradiating head 10. The case 2 4 also contains therein a 
driving mechanism for driving the collimator 19. The collimator 
19 has a hole (collimator hole) 43 for further narrowing down 
the radiation passed through the movable collimator 13. The 
collimator 19 is movable as though it is swung from the 
supporting point and fixable (positionable ) at any position in 
the swingable range. Further, the supporting point described 
above corresponds to the apex S of a conical line of radiation. 
Regardless of the position of the collimator 19 in the swingable 
range, the central line 29 of the collimator hole 43 always 
aligns with the straight line passing through the apex S of the 
conical line of radiation and isocenter so that the dose 
distributions of the radiation passed through the collimator 
hole 43 become uniform. Here, the conical line of radiation 
means the radiation beam radiated from the target 7 and the apex 
S of the conical line of radiation means the radiating point 
of the target 7; and if the target 7 is a point radiation source, 
the apex S is the radiating point itself, and the center of the 
radiating surface if it is a surface radiation source. 

Figure 1 shows an embodiment of the collimator driving 
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mechanism with a collimator for directing the radiation beam 
at a stereotaxic point, and Figure 2 is a cross-sectional view 
thereof taken along the line A-A in Figure 1. The collimator 
driving mechanism comprises a collimator section 60/ a linking 
mechanism L; a swinging mechanism K; and driving mechanism P. 

The collimator section 60 comprises the collimator 19 and 
a tube member 70 for accommodating the collimator 19. The tube 
member 70 is provided for accommodating the collimator 19 
therein for supporting and protecting it. But, the collimator 
19 may be a collimator itself without having the tube 70. 

The driving mechanism P comprises first, second and third 
planar members 31, 34, and 36; linear guiding rollers 33 and 
35; a motor 53; a ball screw 51; and a connecting section 52. 
The planar member 31 is a member having a hole 32 which is similar 
to a hole 30 of the case 24 for passing the radiation is fixedly 
attached to the case 24 . The second planar member 34 is slidably 
attached to the first planar member 31 through the linear 
guiding rollers 33, which is slidable in Y direction. The third 
planar member 36 is slidably attached to the second planar 
member 34 through the linear guiding rollers 35, which is 
slidable in X direction. That is, a well-known X-Y table is 
formed by the second and third planar members 34 and 36. In 
addition, the third planar member 36 has an arm 50 engaging with 
a ball screw 51 so that the third planar member 36 can be moved 
in X direction by rotating the' ball screw 51 with the motor 53 
through the connecting section 52. Also, the second planar 
member 34 has a separate moving means (not shown) similar to 
that of the third planar member 36 described above which is 
capable of moving the second planar member 34 in Y direction. 

The swinging mechanism K comprises the tube member 70; 
a spherical bearing 71; a housing 73; and a holding member 72. 
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The tube member 70 is provided for accommodating the collimator 
19 which is inserted into the spherical bearing 71 having an 
inner diameter which is substantially corresponding to the 
outer diameter of the tube member 70. The spherical bearing 71 
is fixedly attached to the housing 73 and holding member 72. 
The housing 73 is fixedly attached to the third planar member 
36. 

The linking mechanism L comprises a rod end 77/ a clamping 
member 78; a linking shaft 79; a rod end 80; clamping members 
81 and 83; a shaft 82; a bearing member 84; clamping members 
86 and 87; and spherical bearings 92 and 93. The linking 
mechanism L is connected to the case 24 with the shaft 82, and 
to the swinging mechanism K with a shaft 75. That is, one end 
of the shaft 82 is fixedly attached by the claming member 83 
to the bearing member 84 which is fixedly attached to the case 
24 and the other end by the clamping member 81 to the rod end 
80 having the spherical bearing 92, thus the linking mechanism 
L is connected to the case 24 through the shaft 82. In addition, 
one end of the shaft 75 is connected to an arm 74 which is fixedly 
attached to the tube member 70 and the other end with the clamping 
member 78 to the rod end 77 having the spherical bearing 93, 
thus the linking mechanism L is connected to the swinging 
mechanism K through the shaft 82. The rod ends 80 and 77 are 
connected together by the linking shaft 79. The linking shaft 
79 has male thread sections at both ends which are screwed into 
the female thread section of the rod ends 70 and 80 respectively, 
and the rotation of the shaft 79 is prevented by the clamping 
members 86 and 87. 

In actual installations, three sets of the linking 
mechanism L shown in Figure 1 are disposed in equiangularly 
around the tube member 70 as shown in Figure 2. The reference 
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numerals 79A, 79B and 79C represent the shaft 79 of the three 
sets of the linking mechanism L respectively. The arrangement 
of two sets or more than three sets of the linking mechanism 
L may be possible. 

Whereas the second and third planar members 34 and 36 
translate horizontally, the collimator 19 is inclined by the 
linking mechanisms L. The swinging mechanism K is provided for 
supporting the smooth inclination of the collimator 19. The 
linking mechanisms L are arranged such that the shaft axes 90a, 
90b and 90c of the linking shafts 79a, 79b and 79c connecting 
the rod ends 77 and 80 pass through the apex S of the conical 
line of radiation when the collimator 19 is being placed at the 
position where the central line 29 of the hole 43 of the 
collimator 19 aligns with the vertical axis line 16 as shown 
in Figure 4 . That is, for an X-ray system, the linking mechanisms 
may be arranged such that the axes 90a, 90b and 90c pass through 
the central point S of the X-ray target 7. 

Hereinafter, the operation of the collimator driving 
mechanism according to the embodiment will be described. When 
the ball screw 51 is rotated by the rotation of the motor 53, 
the third planar member 36 protrudes and the arm 50 engaged with 
the ball screw 51 moves in the direction indicated by an arrow 
56. Similarly, the third planar member 36 is moved parallel to 
the first planar member 31 by the linear guiding roller 35 in 
the direction indicated by the arrow 56. The swinging mechanism 
K fixedly attached to the third planar member 36 is also moved 
along with the third planar member 36. Thus, the collimator 19 
also translates horizontally in the direction indicated by the 
arrow 56. The collimator 19 which is supposed to continue 
translating horizontally, however, is tied down by the linking 
mechanisms L supporting the collimator 19 and inclined as shown 
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in Figure 3 since it is swingably held by the spherical bearing 
71. The angle of the inclination of the collimator 19 is 
proportional to the travel distance of the third planar member 
36, and the central line 57 of the collimator hole 43 of the 
inclined collimator 19 always passes through the apex of the 
conical line of radiation. Further, the same applies to the case 
in which the second planar member 34 is moved in the direction 
orthogonal to the surface of the Figure 3 or Y direction. 
Therefore, in the combined movement of the second and third 
planar members 34 and 36, similar result may be obtained, that 
is, the configuration of the present utility model allows the 
central line of the collimator hole of the inclined collimator 
to always pass through the apex of the conical line of radiation. 

Accordingly, if the gantry 2 and irradiating head 10 are 
inclined causing the central line of the collimator 19 (center 
of radiation) being deflected as indicated by the line 58 in 
Figure 5, the central axis 59 of the collimator 19 may be brought 
back to the position that aligns with the straight line between 
the apex of the conical line of radiation and the isocenter 15 
by moving the collimator 19 in the manner described above to 
incline the collimator 19 as in the position of 19a. 
[Advantageous Effects of the Utility Model] 

According to the present utility model, if the medical 
gantry is displaced from the sterotaxic spot due to the shaking 
and/or bending of the gantry described above while it is being 
rotated, the positioning adjusting mechanism for the collimator 
is used to move the collimator such that the central axis of 
the collimator hole is aligned with the straight line between 
the apex of the conical line of radiation and the isocenter. 
By doing so, the central axis of the radiation may pass through 
the isocenter and the dose distributions of the radiation passed 
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through the collimator hole become uniform. In this way, the 
medical gantry may always concentrate the radiation at a 
stereotaxic point while it is being rotated. 

Thus, the medical gantry may apply a large cumulative 
radiation dose to a lesion, while the radiation dose received 
by the normal tissues may be minimized by the dose distribution 
effect. That is, while the harmful influence on the normal 
tissues is minimized, the lesion may be destroyed steadily, 
thereby the maximum therapeutic effect of the radiosurgery 
treatment may be obtained. 

Further, the prompt and accurate adjustment for the 
positioning is realized by linking the case and the collimator 
section with the linking shaft. 
[Brief Description of the Drawings] 

Figure 1 is a cross-sectional view of the . collimator 
mechanism according to an embodiment of the present utility 
model . 

Figure 2 is another cross-sectional view of the collimator 
mechanism according to an embodiment of the present utility 
model . 

Figure 3 is a drawing illustrating an example of driving 
operation of the collimator mechanism according to an 
embodiment of the present invention. 

Figure 4 is drawing illustrating the stereotaxic 
radiosurgery apparatus according to an embodiment of the 
present utility model. 

Figure 5 is a drawing illustrating the displaced gantry 
and irradiating head and the compensation mechanism. 

Figure 6 is a drawing illustrating the displacement of 
the stereotaxic radiosurgery apparatus. 

Figure 7 is a drawing illustrating the displacement of 
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the stereotaxic radiosurgery apparatus. 
[Description of the Reference Numerals] 



2 gantry 

7 target 

9 bed 

10 irradiating head 

15 isocenter 

1 9 collimator 

L linking mechanism 
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